In southern California the Dulzura kangaroo rat (Dipodomys simulans) occurs in shrub-dominated habitats adjacent to forb-or grass-dominated habitats, which support the endangered Stephens's kangaroo rat (D. stephensi). We monitored a number of populations of both species from 1996 through 2000, spanning the 1997-1998 El Niño Southern Oscillation (ENSO) event. Although populations of D. stephensi were not significantly impacted by this climatic event, D. simulans declined from 10-24 individuals/ha to about 7-12 individuals/ha over a 6-to 8-month period; numbers subsequently continued to decline to 1-2 individuals/ha and failed to recover in the approximately 2.5 years of post-ENSO monitoring. We noticed no signs of sickness or illness among these animals, although adult body masses of D. simulans (but not D. stephensi) declined through the ENSO event, suggesting that food resources for the former species may have been compromised. Alternatively, populations of D. simulans may have been unusually high before the ENSO event, such that the onset of rains merely hastened a predictable winter die-off. Finally, other rodents could have robbed seeds from the food caches of Dulzura kangaroo rats, influencing the ability of the latter to survive the ENSO event. Although this explanation remains speculative, cache pilferage has been demonstrated among other heteromyids, and a recent theoretical study suggests this may be an important mechanism of species coexistence. Further investigations of cache pilferage could enhance our understanding of the ecology and evolution of these diverse small mammal assemblages.
Primary productivity in arid regions is strongly tied to precipitation (e.g., Brown 1975; Brown and Ernest 2002) , and the El Niño Southern Oscillation (ENSO) climatic phenomenon is well known to dramatically increase precipitation in arid regions of both North (e.g., Brown and Ernest 2002) and South America (Jaksic 1998 (Jaksic , 2001 Meserve et al. 2003) . The ENSO event of 1997-1998 led to elevated rainfall in southern California, resulting in historic wildflower displays (e.g., Krist 1998; Martin 1998; Polakovic 1998) and, where measured, dramatic influences on small mammal communities (e.g., M. C. Orland and D. A. Kelt, in litt.) .
The small mammal fauna of southwestern California is diverse and well known, with more than 60 species from 19 families occupying diverse habitats ranging from grasslands to diverse shrub habitats to various types of forests (Ingles 1965; Jameson and Peeters 2004) . As part of its long-term plans to provide water to the greater Los Angeles region, the Metropolitan Water District of Southern California (MWD) received authorization from the state of California to build a reservoir in Diamond Valley, located between the towns of Hemet, Temecula, and Winchester, in western Riverside County, California. Because this area supported 2 federally endangered species (Stephens's kangaroo rat [Dipodomys stephensi] and the California gnatcatcher [Polioptila californica]), MWD was required to support biological monitoring to document the diversity of the region as a baseline for future assessments of ecological impacts. As part of this effort, between 1996 and 2000 we censused small mammals on 30 permanent trapping grids in adjacent lands. Our objectives were to evaluate demographic trends over this period and to document habitat associations of this diverse fauna. Serendipitously, our sampling spanned the 1997-1998 ENSO event.
In this paper we document demographic trends of 2 species of kangaroo rat before, during, and for 30 months after the 1997-1998 ENSO. These species are the Dulzura kangaroo rat (Dipodomys simulans) and Stephens's kangaroo rat, and they exhibited dramatically different trends, evidently in response to the ENSO event. We present hypotheses to explain these trends, and we discuss them in the context of comparative biology and the conservation needs of these kangaroo rat species.
MATERIALS AND METHODS
Research was conducted at the Southwestern Riverside County Multi-Species Reserve located in southwestern Riverside County, California (308379N, 117829W), between May 1997 and May 2000. This region has a Mediterranean-type climate, characterized by cool, wet winters and hot, dry summers; more than 87% of annual precipitation falls between December and March (.67% in March alone, based on records from 1917 through 2003). Trapping grids (7 Â 7 stations; 10-m intervals) were established in October 1996, and censuses were conducted every 2 months from November 1996 through October 2000 (n ¼ 24 censuses). Small mammals were censused with Sherman live traps (model XLK, 10 Â 10 Â 25 cm, H. B. Sherman Traps, Inc., Tallahassee, Florida) placed on the ground within approximately 1 m of stations and baited with millet seed that had been killed by cooking in a microwave oven for 10 min. Censuses comprised 3 consecutive nights of effort, although on rare occasions we had to shut traps due to inclement weather. Where Stephens's kangaroo rats occurred, we opened traps in the evening and checked them both at midnight and dawn; where this species was not present we checked traps only at dawn. All animals were identified to species (see below) and individually marked with passively inducible transponder (PIT) tags (Trovan, Inc., United Kingdom). We recorded age (adult versus juvenile), reproductive condition (males, testes scrotal or abdominal; females, pregnant or not, vulva swollen or not, nipples reddened, swollen, or not), hind foot length, and mass, and all animals were released at the point of capture. Processing generally took ,1 minute for marked animals and ,3 minutes for new animals (e.g., time to insert the PIT tag and seal the entry puncture with liquid sutures (e.g., Vetbond, 3M Animal Care Products, St. Paul, Minnesota). All procedures were approved by the University of California, Davis, Animal Use and Care Administrative Advisory Committee and meet guidelines recommended by the American Society of Mammalogists (Animal Care and Use Committee 1998).
We sampled 3 primary habitats to represent structural diversity in the reserve. The 1st habitat was nonnative grasslands (n ¼ 12 grids), dominated by grasses (Bromus rubens, B. diandrus, B. mollis, and Avena fatua) and forbs (Erodium cicutarium, Lasthenia californica, Amsinckia, Brassica nigra, Lupinus, Eschscholzia californica, Brodiaea pulchella, Eremocarpus setigerus, and Trichostema laxum). The 2nd habitat was coastal sage scrub (n ¼ 14 grids), dominated by shrubs, principally Lotus scoparius, Artemisia californica, Eriodictyon crassifolium, Eriogonum fasciculatum, and Salvia mellifera. Much of the coastal sage scrub habitat in the region had been burned in a wildfire in October 1993, so to evaluate differences in mammalian responses to this fire we allocated one-half of our coastal sage scrub grids to burned coastal sage scrub, and one-half to coastal sage scrub that had not been burned. Finally, the 3rd habitat was chaparral (n ¼ 4 grids), dominated by Adenostema fasciculatum, with occasional Rhus ovata and S. mellifera.
In April 1998 and 1999 we manually reduced vegetation on a subset of nonnative grasslands plots. Two sites were mowed in both years by using a tractor fitted with a mower deck set to the lowest setting. Three sites were grazed by sheep in both years; in 1998 we grazed about 1,500 sheep for 4 h, whereas in 1999 we grazed about 200 sheep for 3 days. Finally, 3 sites were grazed in 1998 (as above) and then mowed in 1999. We address the effects of these treatments elsewhere (Kelt et al. 2005) , but for the purposes of the present paper these treatments were incorporated into our demographic modeling.
Estimates of population density were made with program MARK (White and Burnham 1999) by using the Cormack-Jolly-Seber (CJS; Cormack 1964; Jolly 1965; Seber 1965) estimator, accounting for unequal sampling intervals. We generated encounter histories for each individual and grouped by site for analysis. The CJS model makes several key assumptions of the data. Principal among these are that all animals are equally likely to be captured and recaptured, that all marked animals are equally likely to survive to the following sampling period, that markings are not lost or destroyed, that sampling periods are essentially instantaneous, that emigration is permanent, and that the capture and survival probability of each animal is independent of any other animal. We tested these assumptions on the global model for each species by using the bootstrap method for testing goodness of fit in program MARK (Burnham et al. 1987) . We generated 100 random simulations of capture histories by using the bootstrap method to compare against the observed deviance of the global model. If trappability is not independent across individuals then estimated sampling variances will be underestimated, a situation called overdispersion. A measure of overdispersion (ĉ) was calculated by dividing the average model deviance (obtained from bootstrap results) by the observed deviance, and all models were adjusted accordingly; values of ĉ , 1.0 indicate that data are not overdispersed (Burnham et al. 1987) .
Program MARK was used to estimate capture probability ( p) and apparent survival between sessions (U). Based on our understanding of the system, we evaluated the influence of several factors on both survival and capture probability (Table 1) . We evaluated the best model for capture probability by setting monthly survival to be constant and adjusting capture probability by using a set of a priori models (Table 1) . We used Akaike's information criterion for overdispersed data (QAIC) to select the best model; when no overdispersion exists (i.e., ĉ ¼ 1) then QAIC reduces to AIC (Burnham and Anderson 2002) . Because of relatively small sample sizes we employed AICc, which is corrected for small sample sizes. We estimated population densities by dividing the minimum number known alive (MNKA) by the appropriate capture probability according to the best-fit model, and then converted to ha
À1
. We compared mean population density of D. simulans and D. stephensi before, during, and after the ENSO event and across habitat types (chaparral, burned coastal sage scrub, and unburned coastal sage scrub) by using 2-factor analysis of variance (ANOVA). We treated trapping grids as random factors and nested grids within habitat type; all other factors were treated as fixed. Based on precipitation records near our site, we defined the ENSO event for analytical purposes as extending from October 1997 through August 1998 (Fig. 1) . Additionally, we incorporated 1 additional high-precipitation event (January through May 2000) into MARK models (see Table 1 ).
Because kangaroo rats generally exhibit high trappability, most researchers simply report MNKA. In this study, demographic estimates for D. stephensi averaged 23% greater when using estimates from program MARK relative to MNKA estimates. However, only 3 estimates diverged more than 30%; when these are removed, the remaining 21 estimates are within approximately 7% of each other. For D. simulans, MARK estimates averaged 16% higher than MNKA. These values were quite similar at the beginning of the study (,8% divergence), and gradually increased through April 1998 (56% divergence) before declining to 0 by summer 1999. Only 4 estimates diverged .30%, and the remaining 20 estimates averaged only 9% divergence.
The focal species.-Dipodomys stephensi is listed as threatened by the state of California, and as endangered by the United States Fish and Wildlife Service (Kramer 1988) . This species historically occurred only on roughly 287,000 ha of the Riverside-Perris Plain in Riverside and San Diego counties, as well as a small extension north into San Bernardino County (Kramer 1987) . With rapid urban development in western Riverside County in the 1970s and 1980s, this small range has been fragmented into a small number of populations (Price and Endo 1989) with uncertain (but likely limited) gene flow. Recent studies have documented that variation in mtDNA (Metcalf et al. 2001) Price et al. 1991) , at our site this species was restricted to nonnative grassland sites (see also Goldingay and Price 1997; Price et al. 1991) . The diet at 2 sites (Lowe 1997) was dominated by E. cicutarium, Schismus barbatus, and unidentified grass seed; over 11 months, forbs ( " X ¼ 46.4%) and grasses ( " X ¼ 39.3%) dominated the diet, with lesser contributions by insects ( " X ¼ 8.1%) and shrub seeds ( " X ¼ 6.7%). Dispersal appears limited although work to date has focused on adults; median distance between 1st and last home-range centers of radiotracked adults was only 9.5 m (Price et al. 1994 ). These animals may disperse along disturbed areas such as firebreaks or dirt roads, although they avoided gravel roads (e.g., Brock and Kelt 2004a) . The species appears to deserve keystone status (Brock and Kelt 2004b; see also ) and may be more social than previously believed (Brock and Kelt 2004c) .
Dipodomys stephensi is externally quite similar to both D. agilis and D. simulans, although they are readily distinguished with a little practice in the field (Price et al. 1992) . Adult D. stephensi are heavier than the other species but individual variation can make this deceptive. We found the most reliable characteristics to be a combination of tail stripe characteristics and the shape of the head plus ears in anterodorsal perspective (M. V. Price, pers. comm.) ; the white lateral tail stripes on D. stephensi are narrower than in D. agilis or D. simulans, and the dark stripe is a dusky coloration rather than a darker black. Most useful was head shape; the ears on D. stephensi are shorter than in the other 2 species and the former is a ''broad-faced'' species whereas the latter are ''narrow-faced'' species (referring to the degree of flaring of the zygomatic arches -Grinnell 1922) . Thus, in anterodorsal view D. stephensi has a widely flaring rostrum that grades into roughly parallel paraoccipital region. In contrast, the 2 narrow-faced species have a narrower, V-shaped rostrum that extends to the ears, giving these animals a more ''ratlike'' outline.
Dipodomys simulans was formally distinguished from D. agilis by Sullivan and Best (1997) . These species differ karyotypically but are morphologically cryptic and may be syntopic in parts of the Los Angeles Basin. However, D. agilis is slightly larger than D. simulans and tends to occur in more mesic habitats; much of the published literature on D. agilis actually pertains to D. simulans (e.g., McClenaghan 1984; Price et al. 1991 Price et al. , 1992 . This species is more widely distributed in southwestern California than D. stephensi, and occurs in various shrubby habitats (Best 1999; Goldingay and Price 1997; Price et al. 1991) . In a study spanning 13 months, Meserve a Not all parameters were included in demographic models for both species. This column indicates the species for which each variable was applied.
FIG. 1.-Temperature and precipitation records for Hemet, California, located about 10 km north of our study site; values represent mean temperatures and cumulative precipitation in 2-month intervals. Two periods of particularly heavy rains, denoted by shading, were incorporated into MARK models. Data were taken from the National Oceanic and Atmospheric Administration's National Climatic Data Center (http://www.ncdc.noaa.gov/oa/ncdc.html).
(1976) reported the diet to be dominated by grasses (monthly " X ¼ 58.3%), followed by forbs ( " X ¼ 14.2%) and shrubs ( " X ¼ 9.7%); only 1% was comprised by insects, and 16.9% remained unidentified. This species is behaviorally subordinate to D. stephensi (Bleich and Price 1995) and so may be behaviorally excluded from forb-dominated habitats where the latter species occurs.
Other small mammals.-In addition to kangaroo rats, our study site supports a number of other small mammal species. Principal among these are 2 species of pocket mice (Chaetodipus fallax and C. californicus), 3 of Peromyscus (P. maniculatus, P. californicus, and P. eremicus), and 2 of Neotoma (N. macrotis and N. lepida). Additionally, Reithrodontomys megalotis was common on some grids, and we occasionally captured Microtus californicus, Onychomys leucogaster, and Mus musculus. Although we do not report extensively on the broader small mammal assemblage in this manuscript, we estimated population density of other small mammal species at this site, again by using MARK, to evaluate the possibility of competitive interactions with our focal species.
Vegetation.-Microhabitat metrics were recorded twice annually (spring and autumn) at every trapping point (n ¼ 1,470). Thus, in November 1997 and May 1998 we recorded an array of metrics to characterize ground cover by live and dead shrubs, grasses, forbs, and so on. We visually estimated ground cover in a circle 1 m in diameter, centered on the trap station, but excluding any trails made by us during routine trap revisions. Because most observers find it practically very difficult to distinguish small differences in cover, we established cover categories as follows: 0 ¼ no cover, 1 ¼ trace (,2%), 2 ¼ 2 5%, 3 ¼ 5 10%, 4 ¼ 10 33%, 5 ¼ 33 50%, 6 ¼ 50 66%, 7 ¼ 66 90%, 8 ¼ 90 95%, 9 ¼ !95%. Data were back-transformed and checked for normality before analysis. Relevant to the present study, we recorded data on cover by both live and dead shrubs, grasses, forbs, litter, and bare ground; categories were tallied independently and thus were not constrained to sum to 100%.
RESULTS
The ENSO event of 1997-1998 was the strongest on record, with sea surface temperatures elevated by 58C (Webster and Palmer 1997) . Early indications of a strong ENSO began to appear as early as October 1996 and may have impacted climatic conditions as far as the Gulf of Alaska (Overland et al. 2001) . The principal effect of ENSO in southern California is increased rainfall, and many sites in the desert regions of southern California recorded record-setting precipitation in the winter of 1997-1998. Our study site was no exception, with elevated rainfall occurring from October 1997 through July 1998 (Fig. 1) . Seasonal rainfall is characteristic of the Mediterranean-type environment, but winter rains in 1998-1999 and 1999-2000 were roughly one-half to one-third that observed in 1997-1998 (57.5% and 37.3%, respectively). The long-term mean annual precipitation at Hemet (located ,10 km from our site) is about 289 mm 6 131 SD, corresponding to only 40% of that observed in the 1998-1999 ENSO event (708 mm between October 1997 and August 1998).
Over 4 years (November 1996 through October 2000) we recorded 1,894 captures of 785 individuals of D. stephensi, and 3,201 captures of 1,096 individuals of D. simulans. As noted above, we only captured the former species in forbdominated habitats free of shrub cover, and the latter in shrubdominated habitats (coastal sage scrub and chaparral; see also Price et al. 1991) .
Bootstrap goodness of fit results indicated that the models generated by MARK for both species met the assumptions of the CJS data type. In addition, ĉ , 1.0 for both species, so overdispersion was not a concern. Goodness of fit results include tests for equal trappability and equal survival. 
The lack of fit for trappability likely indicates that some animals were differentially prone to being trapped (e.g., ''trap-happy'' or ''trap-shy''), but this was not extreme, as indicated by the marginal P-value.
Dipodomys stephensi.-The probability of capture for D. stephensi was best described with a demographic model incorporating time as the single explanatory variable (QAIC ¼ 2,268.05); no other variable increased the fit of the model as determined with QAIC values. When using this model for capture probability, the most parsimonious model for survival incorporated an interaction between season and treatment (Seas4 Â Trt, QAIC ¼ 2,236.5, AIC weight ¼ 0.97), suggesting that survival in D. stephensi was influenced by season and by habitat treatment (mowing and grazing- Kelt et al. 2005) ; survival was slightly lower on treated sites (either mowing or grazing) than on control sites in all seasons, especially in autumn (Fig. 2) .
In contrast to the influence of vegetation reduction noted by Kelt et al. (in press) , D. stephensi was not strongly influenced by the increased precipitation that accompanied the 1997-1998 ENSO event (Fig. 4) . Across 4 trapping grids with the highest densities of this species, mean population size before the ENSO event was 35.48 animals/ha 6 5.46 SE; this declined moderately Dipodomys simulans.-We identified 3 demographic models with meaningful explanatory power for this species (Table 2) . All 3 models incorporated time, and the best model considered only time. Burnham and Anderson (2002) suggest that models whose AIC values differ (e.g., ÁAIC) by ,2 units have considerable support, whereas those with ÁAIC c ¼ 4-7 are considerably less well supported. Our 2nd and 3rd models had ÁAIC c values of 2.1 and 2.5, respectively, suggesting that although they weren't as parsimonious as the best model, they still contributed information on the demography of this species. These models incorporated either ENSO or habitat, underscoring the importance of these factors to D. simulans. According to the AIC c weight (Table 2) , model 2 (time and ENSO) was less than one-half as plausible as model 1, but only slightly more likely than model 3 (time and habitat) to explain the observed patterns ( Table 2 ). The selection of these 3 models indicated that survival in D. simulans changed temporally through the study and was affected by periods of high rainfall. In particular, although apparent monthly survival increased during and immediately after the period of heavy rains before declining markedly after December 1998 (Fig. 3) , the population experienced a dramatic and significant decline in numbers that began almost immediately with the onset of the ENSO-driven rains in October 1998 (Fig. 4) .
Before the ENSO event (November 1996 through October 1997) this species averaged 18.51 6 1.11 animals/ha, but over the period from October 1997 to June 1999 this declined to 2.27 6 0.64 animals/ha, and through the following 16 months numbers did not increase (Fig. 4) . Although population numbers tended to be higher in chaparral ( " X ¼ 13.94, SE ¼ 0.91; averaged across all 24 censuses) and burned coastal sage scrub ( " X ¼ 12.75, SE ¼ 0.67) habitat than in unburned coastal sage scrub ( " X ¼ 10.13, SE ¼ 0.74), this was not true when the 3 periods (pre-ENSO, ENSO, and post-ENSO) were analyzed separately (all P . 0.25). There was a tendency for numbers to decline more rapidly in burned coastal sage scrub, followed by chaparral (Fig. 4) , but this was not significant (analysis of covariance, P . 0.15).
Other rodents.-Several other small mammal species appeared to respond numerically to the ENSO event, but most responded a considerable time after the onset of the rainy period. The only exceptions were P. californicus and R. megalotis. The former species increased 2-fold in chaparral habitat with the onset of rains (to 30 individuals/ha), but declined immediately thereafter to relatively low numbers (11-12 individuals/ha), and declined thereafter. The latter species increased in unburned chaparral in the months leading up to the heavy rains (to approximately 15 individuals/ha), but then declined precipitously (to ,5 individuals/ha) in the 1st few months of the ENSO, and then to near absence (,1 individuals/ ha). Other species that responded showed delayed demographic responses to the rains. For example, P. maniculatus increased from October 1997 (approximately 3 individuals/ha) through March 1998 (28 individuals/ha), and then declined (,2 individuals/ha by September 1998). C. fallax declined in numbers in the months preceding the rains (from 3-8 individuals/ha in August 1997 to 3-4 individuals/ha in March 1998), but then increased through August or September 1998 (9-18 individuals/ha) before declining to moderate numbers by autumn 1999 (,5 individuals/ha).
Across all non-Dipodomys species (Fig. 5) , however, numbers gradually increased through the ENSO on grasslands. Numbers peaked immediately before the ENSO in chaparral, and then peaked again (approaching 45 individuals/ha) in the middle of the climatic event. Numbers in burned coastal sage scrub peaked near the beginning of the ENSO event, and declined thereafter. Finally, numbers in unburned coastal sage scrub peaked in autumn 1997, then declined through the ENSO event (Fig. 5) .
Vegetation.-In general, chaparral sites have a dense canopy of chamise (A. fasciculatum) but a very open ground level, which should favor locomotion and predator avoidance by these bipedal rodents. In contrast, coastal sage scrub habitat lacks the closed canopy, and consists of lower shrubs (e.g., E. fasciculatum, Salvia apiana, S. mellifera, and L. scoparius) interspersed with forbs and annual grasses. Nonnative grasslands had low shrub cover, high herb and grass cover, and intermediate litter cover (Fig. 6) .
A number of vegetative metrics changed between autumn 1997 and spring 1998 (all P , 0.001; Fig. 6 ). Most notably, herbaceous cover increased in all habitats, ground cover decreased in coastal sage scrub, litter cover increased in nonnative grasslands, and the number of annual species present increased in all shrub habitats (e.g., coastal sage scrub and chaparral), but declined somewhat in nonnative grasslands.
DISCUSSION
The 1997-1998 ENSO influenced climatic patterns over distant parts of the globe (Changnon 2000; Rosenzweig et al. 2001) , and had substantial impacts on ecosystems of the American southwest. In some regions, plant species appeared and flowered where they had never been recorded (e.g., Krist 1998; Martin 1998; Polakovic 1998) . Small mammal responses, although less visible to the lay public, were equally impressive. At a desert site about 50 km east of our site, small mammal numbers more than tripled between the spring and autumn of 1997, with some substantial changes in community composition (M. C. Orland and D. A. Kelt, in litt.) .
In contrast to these positive responses to elevated productivity, the endangered D. stephensi failed to display any demographic changes at all, with similar densities before, during, and after the ENSO event (Fig. 4) . D. simulans, in a more extreme contrast, declined from being moderately abundant (10-25 individuals/ha) to uncommon (5-10 individuals/ha) over a 7-month period, and continued to decline toward true rarity (roughly 2 individuals/ha) over the ensuing year (Fig. 4) . At a nearby site (also in the Multi-Species Reserve), Moore (2003) reported only slightly higher densities from late 1999 through late 2000 (about 5-10 individuals/ha, declining to 2-3 individuals/ha).
Although we have no data or ancillary observations to connect the decline in D. simulans to the ENSO event, the coincidental occurrence of these 2 events begs consideration. Valone et al. (1995) reported a similar decline in numbers of D. spectabilis at a site in southeastern Arizona after a 1-week precipitation event that represented approximately 50% of the mean annual precipitation at their site. Populations there declined from about 7.6 individuals/ha to near extinction. Valone et al. (1995) presented 3 hypotheses to explain the decline of this species after this event; these were disease, direct damage to stored seeds by heavy precipitation, and indirect damage to stored seeds by mycotoxins produced by fungal growth favored by greater moisture. Examination of their data supported some combination of the latter 2 hypotheses. Whereas D. spectabilis is a larder-hoarding species (Voorhies and Taylor 1922) , the other 2 kangaroo rat species at their study site (D. merriami and D. ordii) favored scatterhoarding. Presumably, the latter were less affected by locally damaged seed stores, and thus were not negatively impacted by this precipitation event.
In contrast to the scenario presented by Valone et al. (1995) , the 2 kangaroo rat species at our study site are similar in many ecological characteristics. Their intermediate body size suggests that both species likely store food in scatter hoards (Reichman and Price 1993 ; see also Price et al. 2000) . Although no data are available on caching behavior for either of these species, their similar body mass suggests that a simple explanation based on hoarding strategy is not likely.
Diets are somewhat different, with strong use of grass seeds by D. simulans (Meserve 1976 ) but roughly similar use of forbs (seeds and vegetative parts) and grasses (mostly nonseed material) by D. stephensi (Lowe 1997) . Additionally, D. stephensi consumes more insects than does D. simulans (8.1% versus 1.0%), and although both species consume similar amounts of shrubs (6.7% versus 9.7%), they forage on different species; D. simulans consumed E. fasciculatum, L. scoparius, Rhus integrifolia, Salvia, and A. californica (Meserve 1976) , whereas D. stephensi consumed Salsola tragus, Amsinckia menziesii, and A. californica (Lowe 1997) .
The most apparent difference between these 2 species is their habitat segregation, with one species favoring open, forbdominated habitats, and the other found in closed, shrubby habitats. At our site, shrub cover at sites with D. stephensi was ,1%, whereas it was 30-60% where D. simulans were abundant. Moreover, at our research area, shrubby habitats (e.g., coastal sage scrub and chaparral) generally occurred on hills and sloped terrain, whereas nonnative grasslands occurred in valley bottoms. If habitat characteristics played a role in the differential responses of these 2 species, it could be manifested by any of the same mechanisms outlined by Valone et al. (1995) , largely via differential susceptibility of these 2 habitats to heavy rains. Additionally, however, the biotic community of these habitats may differ, including potential predators and potential competitors. Similar to observations by Valone et al. (1995) , we noticed no outward signs of illness such as unkempt fur, lethargy, heavy parasite loads, and so on. Equal proportions of both species increased, decreased, or maintained mass from their 1st to last capture during this period (P . 0.2); for both species, juveniles were more likely to change mass than adults. On average, adult D. simulans gained 1.01 g from 1st to last capture, whereas juveniles (those ,55 g) lost 0.87 g. Adults (those .55 g) of both species continued to increase in mass through the ENSO event (1.18 and 1.85 g/session for D.
simulans and D. stephensi, respectively, both P , 0.0001). In contrast, however, smaller individuals of D. simulans (e.g., subadults and small adults) declined in mass over this period (losing a mean of 1.52 g/session, P , 0.0001); smaller D. stephensi also declined slightly in mass (1.4 g/session), but this was not significant (P . 0.25). These changes in mass without apparent signs of illness are consistent with a mechanism of damaged (or pilfered) food stores but not with one of disease.
Differential water retention or percolation rates might be expected to lead to differential impacts on food stores or nest chambers, which could lead to sickness, starvation, or to indirect damage by fungal growth. However, this seems an unlikely explanation because the kangaroo rat species that declined during and after the rains occurred on higher, sloped sites with greater water drainage than D. stephensi (although soils in both habitats drain readily-E. Allen, pers. comm.).
Principal predators at this site likely are similar for both species, including owls (especially barn owls [Tyto alba] and great horned owls [Bubo virginianus]), coyotes (Canis latrans), and snakes (e.g., rattlesnakes such as Crotalus mitchelli, C. ruber, and C. viridis). Terrestrial predators might become more efficient at capturing D. simulans if this species were unable to detect or avoid predators when herbaceous vegetation increased. If chaparral, and possibly burned coastal sage scrub, has a more open understory than unburned coastal sage scrub, and if forbs and grasses increased disproportionately in these habitats, we might expect a more immediate impact on kangaroo rats in chaparral and coastal sage scrub habitat than in nonnative grasslands. Although such an argument might seem consistent with the demographic data obtained, the vegetative data are less supportive, because it would predict that chaparral and burned coastal sage scrub would be more similar than either is to unburned coastal sage scrub. In fact, burned and unburned coastal sage scrub tended to exhibit similar vegetative dynamics, intermediate between those of chaparral and nonnative grassland sites (Fig. 6) . It is unfortunate that we lack data on habitat metrics for the critical midwinter period (e.g., January-March 1999).
Correlated with the segregation of habitats by these kangaroo rats were differences in the community of cooccurring rodents. D. stephensi co-occurred primarily with small populations of P. maniculatus and even lower numbers of C. fallax. In contrast, habitat supporting D. simulans was home to moderate to small but apparently persistent populations of C. fallax and P. maniculatus, with lesser numbers of P. californicus, P. eremicus, N. lepida, N. macrotis, and C. californicus. Although most of these species did not display demographic responses to ENSO, aggregate densities reflect demographic increases with the onset of rains (on burned coastal sage scrub) or in the months preceding them (on chaparral and unburned coastal sage scrub). Whether these species impacted the kangaroo rats is far from clear. However, it may be notable that the sequence of increases in non-Dipodomys matches the sequence of declines in D. simulans, albeit imperfectly. Numbers of the former taxa appear to have peaked in unburned coastal sage scrub just before the ENSO event, declining thereafter. Numbers in burned coastal sage scrub were lower before the rains, but increased with the onset of rains in autumn 1997, before stabilizing at moderately high numbers (about 23 individuals/ ha) through the ENSO. Finally, numbers in chaparral habitat peaked in summer 1997, declined through the autumn, and increased abruptly once the rains began. Mirroring this pattern, numbers of D. simulans exhibited only a moderate decline in unburned coastal sage scrub (beginning from moderate numbers), whereas those in burned coastal sage scrub habitat declined immediately with the onset of rains, and those in chaparral appear to have delayed their decline until the middle of winter 1997-1998. Could other rodents have been responsible for the decline in kangaroo rat populations? Pocket mice are known to pilfer seed caches of kangaroo rats (e.g., Daly et al. 1992; Leaver and Daly 2001; Price and Mittler 2003) , but no work has addressed the potential for community-wide impacts. Our data are suggestive but far from conclusive. Further work employing experimental manipulations might be required to fully resolve this question.
A final hypothesis is simply that kangaroo rat numbers may have been unusually high near the beginning of our study (e.g., summer 1997). If this was the case, then they may have simply consumed the available resources, independent of the onset of ENSO, and the subsequent demographic decline may have simply reflected a winter die-off from unsustainably high numbers.
Synthesis.-In the face of a major climatic event, 2 kangaroo rat species with similar body size and ecology exhibited dramatically different demographic responses. Temporal changes in body masses suggest that food stores may have been impacted during this ENSO event. This may have occurred directly through spoilage or indirectly via cache pilferage. Spoilage seems unlikely in this system, because this would predict greater damage to D. stephensi, which occurs in lower and flatter terrain. The nearly immediate onset of the demographic decline by D. simulans suggests that a change in predator numbers was not likely a cause (although our observations do not rule out a functional response), and the pattern of body mass change also implicates a reduction in food resources rather than predation as a proximal mechanism for the decline. The fact that aggregate numbers of the other small mammals, most of which are either omnivorous or granivorous, increased in shrubby habitats just before or with the onset of the rains suggests a possible role for pilferage. The potentially dramatic impact of pilferage in this system, coupled with its theoretical (e.g., Price and Mittler 2003) and empirical (Daly et al. 1992; Leaver and Daly 2001) influence on both population and community processes constitutes a strong call for further studies on this mechanism potentially influencing species coexistence and community structure.
